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Lll ANSWER 1 OF 12 MEDLINE on STN 

TI Cellular trafficking of G protein-coupled 

receptor/beta-arrestin endocytic complexes. 
PY 1999 

AU. Zhang J; Barak L S; Anborgh P H; Laporte S A; Caron M G; Ferguson S S 
SO Journal of biological chemistry, (1999 Apr 16) 274 (16) 
10999-1006. 

Journal code: 2985121R. ISSN: 0021-9258. 
AB beta-Arrestins are multifunctional proteins identified on the basis of 
their ability to bind and uncouple G protein- 
coupled receptors (GPCR) from heterotrimeric G proteins. 
In addition, beta-arrestins play a central role in mediating GPCR 
endocytosis, a key regulatory step in receptor resensiti zation . In this 
study, we visualize the intracellular trafficking of beta-arrestin2 in 
response to activation of several distinct GPCRs including the 
beta2-adrenergic receptor (beta2AR) , angiotensin II type 1A receptor 
(AT1AR) , dopamine D1A receptor (D1AR) , endothelin type A receptor (ETAR) , 
and neurotensin receptor (NTR) . Our results reveal that in response to 
beta2AR activation, beta-arrestin2 translocation to the plasma 
membrane shares the same pharmacological profile as described for receptor 
activation and sequestration, consistent with a role for beta- 
arrestin as the agonist-driven switch initiating receptor 
endocytosis. Whereas redistributed beta-arrestins are confined to the 
periphery of cells and do not traffic along with activated beta2AR, D1AR, 
and ETAR in endocytic vesicles, activation of ATlAR and NTR 
triggers a clear time-dependent redistribution of beta-arrestins to 
intracellular vesicular compartments where they colocalize with 
internalized receptors. Activation of a chimeric ATlAR with the 
beta2AR carboxyl-terminal tail results in a beta-arrestin 
membrane localization pattern similar to that observed in response to 
beta2AR activation. In contrast, the corresponding chimeric 
beta2AR with the ATlAR carboxyl-terminal tail gains the ability to 
translocate beta-arrestin to intracellular vesicles. These 
results demonstrate that the cellular trafficking of beta-arrestin 
proteins is differentially regulated by the activation of 
distinct GPCRs. Furthermore, they suggest that the carboxyl-tail of the 
receptors might be involved in determining the stability of receptor/ 
betaarrestin complexes and cellular distribution of 
beta-arrestins. 

Lll ANSWER 2 OF 12 MEDLINE on STN 

TI Real-time visualization of the cellular redistribution of G 
protein- coupled receptor kinase 2 and beta- 
arrestin 2 during homologous desensitization of the substance P 
receptor . 

PY 1999 



AU Barak L S; Warabi K; Feng X; Caron M G; Kwatra M M 

SO Journal of biological chemistry, (1999 Mar 12) 274 (11) 7565-9. 

Journal code: 2985121R. ISSN: 0021-9258. 
AB The substance P receptor (SPR) is a G protein- 
coupled receptor (GPCR) that plays a key role in pain 

regulation. The SPR desensitizes in the continued presence of agonist, 
presumably via mechanisms that implicate G protein- 
coupled receptor kinases (GRKs) and beta-arrest ins . The 

temporal relationship of these proposed biochemical events has never been 
established for any GPCR other than rhodopsin beyond the resolution 
provided by biochemical assays. We investigate the real-time 
activation and desensitization of the human SPR in live HEK293 
cells using green fluorescent protein 

conjugates of protein kinase C, GRK2, and beta-arrestin 2. The 
translocation of protein kinase C betall-green 
fluorescent protein to and from the plasma membrane in 

response to substance P indicates that the human SPR becomes activated 
within seconds of agonist exposure, and the response desensitizes within 
30 s. This desensitization process coincides with a redistribution of 
GRK2 from the cytosol to the plasma membrane, followed by a robust 
redistribution of beta-arrestin 2 and a profound change in cell 
morphology that occurs after 1 min of SPR stimulation. These data 
establish a role for GRKs and beta-arrestins in homologous desensitization 
of the SPR and provide the first visual and temporal resolution of the 
sequence of events underlying homologous desensitization of a GPCR in 
living cells. 

Lll ANSWER 3 OF 12 MEDLINE on STN 

TI Using green fluorescent protein to 

understand the mechanisms of G-protein- coupled 

receptor regulation. 
PY 1998 
AU Ferguson S S 

SO Brazilian journal of medical and biological research = Revista brasileira 
de pesquisas medicas e biologicas / Sociedade Brasileira de Biofisica . . . 
[et al.], (1998 Nov) 31 (11) 1471-7. Ref: 50 
Journal code: 8112917. ISSN: 0100-879X. 

AB G protein- coupled receptor (GPCR) 

activation is followed rapidly by adaptive changes that serve to 
diminish the responsiveness of a cell to further stimulation. This 
process, termed desensitization, is the consequence of receptor 
phosphorylation, arrestin binding, sequestration and 

down-regulation. GPCR phosphorylation is initiated within seconds to 
minutes of receptor activation and is mediated by both second 
messenger-dependent protein kinases and receptor-specific G 
protein-coupled receptor kinases (GRKs) . 

Desensitization in response to GRK-mediated phosphorylation involves the 
binding of arrestin proteins that serve to sterically uncouple 
the receptor from its G protein. GPCR sequestration, the endocytosis of 
receptors to endosomes, not only contributes to the temporal 
desensitization of GPCRs, but plays a critical role in GPCR 
resensitization. GPCR down-regulation, a loss of the total cellular 
complement of receptors, is the consequence of both increased lysosomal 
degradation and decreased mRNA synthesis of GPCRs . While each of these 
agonist-mediated desensitization processes are initiated within a 
temporally dissociable time frame, recent data suggest that they are 
intimately related to one another. The use of green 
fluorescent protein from the jellyfish Aqueora victoria 
as an epitope tag with intrinsic fluorescence has facilitated our 
understanding of the relative relationship between GRK phosphorylation, 
arrestin binding, receptor sequestration and down-regulation. 
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A beta-arrestin/green fluorescent 



protein biosensor for detecting G protein- 
coupled receptor activation. 

PY 1997 

AU Barak L S; Ferguson S S; Zhang J; Caron M G 
SO Journal of biological chemistry, (1997 Oct 31) 272 (44) 
27497-500. 

Journal code: 2985121R. ISSN: 0021-9258. 
AB G protein- coupled receptors (GPCR) 

represent the single most important drug targets for medical therapy, and 
information from genome sequencing and genomic data bases has 
substantially accelerated their discovery. The lack of a systematic 
approach either to identify the function of a new GPCR or to associate it 
with a cognate ligand has added to the growing number of orphan receptors. 
In this work we provide a novel approach to this problem using a 
beta-arrest in2 /green fluorescent protein 

conjugate (betaarr2-GFP) . It provides a real-time and single cell based 
assay to monitor GPCR activation and GPCR-G 
protein- coupled receptor kinase or GPCR- 

arrestin interactions. Confocal microscopy demonstrates the 
translocation of betaarr2-GFP to more than 15 different ligand-activated 
GPCRs. These data clearly support the common hypothesis that the beta- 
arrestin binding of an activated receptor is a convergent step of 
GPCR signaling, increase by 5-fold the number of GPCRs known to interact 
with beta-arrestins, demonstrate that the cytosol is the predominant 
reservoir of biologically active beta-arrestins, and provide the first 
direct demonstration of the critical importance of G 
protein- coupled receptor kinase 

phosphorylation to the biological regulation of beta-arrestin 
activity and GPCR signal transduction in living cells. The use of 
betaarr2-GFP as a biosensor to recognize the activation of 
pharmacologically distinct GPCRs should accelerate the identification of 
orphan receptors and permit the optical study of their signal transduction 
biology intractable to ordinary biochemical methods. 
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hormone receptor visualised by monitoring cellular redistribution of a 

bet a-arrestin- 1 -green fluorescent 

protein fusion protein. 
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AU Groarke, Alex [Reprint author] ; Milligan, Graeme [Reprint author] 

SO Biochemical Society Transactions, (1999) Vol. 27, No. 3, pp. A118. print. 

Meeting Info.: 668th Meeting of the Biochemical Society. Glasgow, 

Scotland, UK. April 7-9, 1999. Biochemical Society. 
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TI Real-time visualization of the cellular redistribution of G 
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AB The substance P receptor (SPR) is a G protein- 
coupled receptor (GPCR) that plays a key role in pain 

regulation. The SPR desensitizes in the continued presence of agonist, 
presumably via mechanisms that implicate G protein- 
coupled receptor kinases (GRKs) and beta-arrestins. The 

temporal relationship of these proposed biochemical events has never been 
established for any GPCR other than rhodopsin beyond the resolution 



provided by biochemical assays. We investigate the real-time 
activation and desensiti zation of the human SPR in live HEK293 
cells using green fluorescent protein 

conjugates of protein kinase C, GRK2, and beta-arrestin 2. The 
translocation of protein kinase C betall-green 
fluorescent protein to and from the plasma membrane in 

response to substance P indicates that the human SPR becomes activated 
within seconds of agonist exposure, and the response desensitizes within 
30 s. This desensitization process coincides with a redistribution of 
GRK2 from the cytosol to the plasma membrane, followed by a robust 
redistribution of beta-arrestin 2 and a profound change in cell 
morphology that occurs after 1 min of SPR stimulation. These data 
establish a role for GRKs and beta-arrestins in homologous desensitization 
of the SPR and provide the first visual and temporal resolution of the 
sequence of events underlying homologous desensitization of a GPCR in 
living cells. 
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understand the mechanisms of G-protein-coupled 

receptor regulation. 
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AB G protein- coupled receptor (GPCR) 

activation is followed rapidly by adaptive changes that serve to 
diminish the responsiveness of a cell to further stimulation. This 
process, termed desensitization, is the consequence of receptor 
phosphorylation, arrestin binding, sequestration and 

down-regulation. GPCR phosphorylation is initiated within seconds to 
minutes of receptor activation and is mediated by both second 
messenger-dependent protein kinases and receptor-specific G 
protein-coupled receptor kinases (GRKs) . 

Desensitization in response to GRK-mediated phosphorylation involves the 
binding of arrestin proteins that serve to sterically uncouple 
the receptor from its G protein. GPCR sequestration, the endocytosis of 
receptors to endosomes, not only contributes to the temporal 
desensitization of GPCRs, but plays a critical role in GPCR 
resensitization . GPCR down-regulation, a loss of the total cellular 
complement of receptors, is the consequence of both increased lysosomal 
degradation and decreased mRNA synthesis of GPCRs. While each of these 
agonist-mediated desensitization processes are initiated within a 
temporally dissociable time frame, recent data suggest that they are 
intimately related to one another. The use of green 
fluorescent protein from the jellyfish Aqueora victoria 
as an epitope tag with intrinsic fluorescence has facilitated our 
understanding of the relative relationship between GRK phosphorylation, 
arrestin binding, receptor sequestration and down-regulation. 
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AB G protein-coupled receptors (GPCR) 

represent the single most important drug targets for medical therapy, and 

information from genome sequencing and genomic data bases has 



substantially accelerated their discovery. The lack of a systematic 
approach either to identify the function of a new GPCR or to associate it 
with a cognate ligand has added to the growing number of orphan receptors. 
In this work we provide a novel approach to this problem using a 
beta-arrestin2 /green fluorescent protein 

conjugate (betaarr2-GFP) . It provides a real-time and single cell based 
assay to monitor GPCR activation and GPCR-G 
protein -coupled receptor kinase or GPCR- 

arrestin interactions. Confocal microscopy demonstrates the 
translocation of betaarr2-GFP to more than 15 different ligand-activated 
GPCRs . These data clearly support the common hypothesis that the beta- 
arrestin binding of an activated receptor is a convergent step of 
GPCR signaling, increase by 5-fold the number of GPCRs known to interact 
with beta-arrestins , demonstrate that the cytosol is the predominant 
reservoir of biologically active beta-arrestins , and provide the first 
direct demonstration of the critical importance of G 
protein- coupled receptor kinase 

phosphorylation to the biological regulation of beta-arrestin 
activity and GPCR signal transduction in living cells. The use of 
betaarr2-GFP as a biosensor to recognize the activation of 
pharmacologically distinct GPCRs should accelerate the identification of 
orphan receptors and permit the optical study of their signal transduction 
biology intractable to ordinary biochemical methods. 
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AB The substance P receptor (SPR) is a G protein- 
coupled receptor (GPCR) that plays a key role in pain 

regulation. The SPR desensitizes in the continued presence of agonist, 
presumably via mechanisms that implicate G protein- 
coupled receptor kinases (GRKs) and p-arrestins. 

The temporal relationship of these proposed biochem. events has never been 
established for any GPCR other than rhodopsin beyond the resolution provided 
by biochem. assays. The authors investigate the real-time 
activation and desensitization of the human SPR in live HEK293 
cells using green fluorescent protein 

conjugates of protein kinase C, GRK2, and p- arrestin 2. 
The translocation of protein kinase C pil- green 
fluorescent protein to and from the plasma membrane in 

response to substance P indicates that the human SPR becomes activated 

within seconds of agonist exposure, and the response desensitizes within 

30 s. This desensitization process coincides with a redistribution of 

GRK2 from the cytosol to the plasma membrane, followed by a robust 

redistribution of p- arrestin 2 and a profound change in 

cell morphol. that occurs after 1 min of SPR stimulation. These data 

establish a role for GRKs and p-arrestins in homologous 

desensitization of the SPR and provide the first visual and temporal 

resolution of the sequence of events underlying homologous desensitization of 

a GPCR in living cells. 
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SO Brazilian Journal of Medical and Biological Research (1998), 

31(11), 1471-1477 
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AB A review, with 50 refs. G protein- coupled 

receptor (GPCR) activation is followed rapidly by 

adaptive changes that serve to diminish the responsiveness of a cell to 
further stimulation. This process, termed desensitization, is the 
consequence of receptor phosphorylation, arrestin binding, 
sequestration and down-regulation. GPCR phosphorylation is initiated 
within seconds to minutes of receptor activation and is mediated 
by both second messenger-dependent protein kinases and receptor-specific 
G protein- coupled receptor kinases 

(GRKs) . Densensitization in response to GRK-mediated phosphorylation 
involves the binding of arrestin proteins that serve to 

sterically uncouple the receptor from its G protein. GPCR sequestration, 
the endocytosis of receptors to endosomes, not only contributes to the 
temporal desensitization of GPCRs, but plays a critical role in GPCR 
resensitization. GPCR down-regulation, a loss of the total cellular 
complement of receptors, is the consequence of both increased lysosomal 
degradation and decreased mRNA synthesis of GPCRs. While each of these 
agonist-mediated desensitization processes are initiated within a 
temporally dissociable time frame, recent data suggest that they are 
intimately related to one another. The use of green 
fluorescent protein from the jellyfish Aqueora victoria 
as an epitope tag with intrinsic fluorescence has facilitated our 
understanding of the relative relationship between GRK phosphorylation, 
arrestin binding, receptor sequestration and down-regulation. 
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AB Described are methods of detecting G-protein 

coupled receptor (GPCR) activity in vivo and in vitro; 

methods of assaying GPCR activity; and methods of screening for GPCR 

ligands, G protein- coupled receptor 

kinase (GRK) activity, and compds . that interact with components of the 
GPCR regulatory process. The assays are based on the observation that 
p- arrestin redistribution from the cytosol to the plasma 
membrane occurs in response to agonist activation of GPCRs, 
demonstrating a common role for p- arrestin in 

agonist-mediated signal transduction termination. Thus, translocation of 
conjugates of a p- arrestin protein with a detectable mol . 
indicates activation of the GPCR pathway. A fusion protein 
consisting of a p- arrestin mol. ( p-arrestin2 ) 
conjugated to a green fluorescent protein 

(S65T variant) at its C-terminus is expressed in cells and is biol. 
active. This conjugates allows convenient methods of assaying agonist 
stimulation of GPCRS in vivo and in vitro in real time. 
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AB G protein- coupled receptors (GPCR) 

represent the single most important drug targets for medical therapy, and 
information from genome sequencing and genomic data bases has 
substantially accelerated their discovery. The lack of a systematic 
approach either to identify the function of a new GPCR or to associate it 
with a cognate ligand has added to the growing number of orphan receptors. 
In this work we provide a novel approach to this problem using a 
p-arrestin2/ green fluorescent protein 

conjugate (parr2-GFP) . It provides a real-time and single cell based 
assay to monitor GPCR activation and GPCR-G 
protein- coupled receptor kinase or GPCR- 

arrestin interactions. Confocal microscopy demonstrates the 
translocation of parr2-GFP to more than 15 different ligand-activated 
GPCRs. These data clearly support the common hypothesis that the p- 
arrestin binding of an activated receptor is a convergent step of 
GPCR signaling, increase by 5-fold the number of GPCRs known to interact with 
p-arrestins, demonstrate that the cytosol is the predominant 
reservoir of biol. active p-arrestins, and provide the first direct 
demonstration of the critical importance of G protein- 
coupled receptor kinase phosphorylation to the biol. 
regulation of p- arrestin activity and GPCR signal 

transduction in living cells. The use of parr2-GFP as a biosensor to 
recognize the activation of pharmacol . distinct GPCRs should 
accelerate the identification of orphan receptors and permit the optical 
study of their signal transduction biol. intractable to ordinary biochem. 
methods . 



